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The use of OLEDs (organic light-emitting diodes) in display screens has become 
increasingly popular due to their improved energy efficiency, relatively low cost, and 
minimized generation of heat. For these devices, emitters with high photostabilities are
desired and efforts in developing molecules of this caliber are increasing rapidly. In the 
work presented, treatment of an aryl-bridged, bis(N-heterocyclic thione) (NHT) pincer
ligand precursor with [PdCl2(CH3CN)2] or PtCl2 yielded 6,6-fused ring, SCS-NHT Pd 
and Pt pincer complexes, which are stable in the presence of air. These complexes were
found to have excellent photostabilities of 96 % and 93% retention of emission intensity, 
which make these complexes good candidates for uses in OLEDs. X-ray crystallography
of the complexes, computational studies, and the catalytic activity of the SCS-NHT Pd 
complex are also reported. With advancements in photoluminescent compounds such as
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The current work details the synthesis, characterization, catalytic activity, and 
photophysical properties of an SCS-NHT (N-heterocyclic thione) Pd complex and the 
synthesis, characterization, and photophysical properties of an SCS-NHT Pt pincer 
complex. The following chapter describes the properties of the first reported pincer 
complexes, thioimidazole complexes, and SCS complexes to provide context for the 
current work.
Pincer Complexes
Pincer complexes were first synthesized in 1976 by Moulton and Shaw.1 This 
particular class of organometallic complexes obtains its name from the tridentate ligand, 
which chelates to the metal in a meridional fashion (Figure 1.1). The benefit of these
complexes is multi-faceted, with advantages such as excellent thermal stability and the 
ease of tuning the electronic properties of the complex by altering the donor groups.1 




   
 
    
 














One of the most prominent advantages for these complexes lies in the tridentate
nature of the ligand, which provides stability and has been found useful in catalytic
processes,1 such as alkane dehydrogenation2 and catalytic C-C bond formation.3 Since
their appearance in the literature, the architectural diversity of these complexes has 
increased dramatically to produce a variety of pincer complexes, designated by donor
groups such as PCP,4 NCN,5 POCOP,6 PNP,7 CNC, 8 and CCC.9 This diversity has been 
extended to include SCS pincer complexes.
SCS Pincer Complexes
The first sulphur-containing pincer, a thioamide complex, was reported by
Takahashi in 1995.10 SCS pincers generally contain sulfur/carbon/sulfur binding to a 
metal. The reactivities of these complexes have been varied by utilizing different 
substituents on the sulfur atoms to produce SCS complexes bearing thioamide, 
thiophosphoryl, and thioether donor groups. Though relatively few SCS pincers have
been synthesized since this appearance in the literature, they have been shown to possess
photophysical properties,11-15 which makes them potential candidates for uses in OLEDs. 
These complexes have also been shown to exhibit an abundance of catalytic activity such 
as the Heck16-21 and Suzuki11,22,23 coupling reactions, which are useful in the development 
of pharmaceuticals. 
Thioether-based SCS complexes
Thioether-based SCS pincers play a prominent role in catalysis. The first to be
reported of these complexes were by Bergbreiter and contained PEG-bound SCS

















benzene ring.18 These SCS complexes, a 5-amido (Figure 1.1, complex I) and a 5-oxo 
complex (Figure 1.2, complex II) were analogous to PCP pincers, however the absence of 
an air-sensitive phosphine synthesis simplified preparation and increased appeal of the
complexes. It was reported that these SCS complexes were evaluated for their use as 
recyclable catalysts in the Heck reaction, and both the 5-amido and 5-oxo PEG-bound 
catalysts were proven to be efficient precatalysts with excellent yields of > 90 % at 0.1 
mol % catalyst loading.
Figure 1.2 Recyclable thioether-based SCS pincer precatalysts reported by
Bergbreiter.18 
Other thioether-based SCS complexes utilized in the Heck reaction include
recyclable fluorous SCS pincers synthesized by da Costa,20 an oligo(ethylene glycol)-
bound SCS Pd pincer utilized in microwave promoted Heck reactions,18 SCS




    
 
  








decomposed to form the Pd0 activated species.22 Thioether-based SCS pincers have also 
been utilized as precatalysts in aldol condensations and the coupling of allyl chlorides 
with aldehydes and imines.25 
Thiophosphoryl-based complexes
The first thiophosphoryl-based SCS pincer complexes was reported in 2003 and is 
illustrated in Figure 1.3.24 These first complexes were reported to show interesting
photophysical properties. Since then, these ligand architectures have expanded to include 
a high degree of diversity.11,23,25,26 
Figure 1.3 The first thiophosphoryl-based SCS pincer complex. 
Among thiophosphoryl-based SCS complexes are the first unsymmetrical SCS
pincers of 5,6-membered fused palladacycles (Figure 1.4), the catalytic activity of which 
was explored in Suzuki coupling reactions. These complexes were proven to be very
















Figure 1.4 Thiophosphoryl-based unsymmetrical SCS pincer complexes.11 
The 5,6-membered unsymmetrical complexes (Figure 1.3) were expanded to 
include thioamide 5-membered metallocycles fused with 6-membered, thiophosphoryl 
metallocycles. These complexes were evaluated for their catalytic activity in Suzuki-
Miyaura reactions, and were shown to be efficient catalysts that obtained quantitative 
yields with low catalyst loadings (<1 mol %). In addition, Thiophosphoryl-based SCS
complexes have been shown to exhibit interesting photophysical properties as well, 
which will be discussed in the next section. 
Thioamide-based complexes
Thioamide-based complexes are the most abundant subclass of SCS pincers.  The
first reported thioamide-based pincer was synthesized by Takahashi and Nonoyama in 
1995.10 The main appeal of thioamide-based complexes lies in their photophysical 
properties, which make them applicable in OLEDs.27 To compare the differences in 
photophysical properties of thioamide- vs. thiophosphoryl-based SCS pincers, 
representatives of each, along with the unsymmetrical complexes bearing both donor 










emission lifetime decay, fluorescence quantum yield, and emission lifetime decay of 
these complexes are given in Table 1.1. 






        
       
      
      
      
      
      
      
       
       
      
      
      
      
   
  
   
    
   
  
  











Table 1.1 Photophysical properties of complexes A-K.
Complex λmax a(εb, M-1 cm -1) cλem dλem eφf f τ(μs)
A24 265 (33100), 323 (5500) h 580 0.14 h
B24 304 (8900), 345 (3900) h 540 0.14 h
C13 287 (18500), 354 (4000), 447 (8100) 655 630 0.12 h
D15 255 (33000), 345 (10400), 440 (4500) 630 595 0.11 11
E13 297 (15600), 360 (3500), 463 (6600) 710 680 0.05 h
F15 247 (32000), 340 (10300), 445 (1400) 640 600 0.24 8.3
G14 275 (25500), 341 (9000), 400, (8600) 713 570 713g 0.08 85
H14 281 (22500), 344 (9600), 409 (9000) 690, 715 575 713g 0.12 89
I14 285 (21400), 345 (8600), 412 (8700) 735 585 711g 0.1 83
J11 245 (75375), 275 (27137), 320 (6116) 415, 550 i h 26.7j 
K11 265 (15917), 325 (7321), 370 (4642) 420, 545 i h 22.4j 
L11 235 (38594), 315(5821), 380 (4846) 650 i h 12.7j 











Absorption maxima in CH2Cl2 at room temperature
Molar absorptivity
Emission maximum of a microcrystalline sample
Emission maximum in a mixture of CH2Cl2, EtOH, and MeOH matrix at 77 K
Fluorescence quantum yield
Emission lifetime decay
Emission maximum in CH2Cl2–THF (3:2) matrix at 77 K 
Not measured
No emission in solution of THF/CH3CN
Micrystalline sample at 77 K 
SNS (N-heterocyclic thione) complexes
Many mono(NHT) complexes have been reported with a variety of metals,28-30 
including the group 10 metals.31-34 However, there have only been a few examples that 
utilize thioimidazoles as lateral donor groups in pincer complexes. 
Though there are many variations in design of SCS complexes, bis(N-heterocyclic
thione) (NHT) lateral donor groups have had a limited amount of exploration. To our
knowledge, there have only been a few previously reported NHT-based pincer 



















thione) (NHT) lateral donors was Guoxin and Yuanbio.35 In this 2009 patent, an SNS-
NHT Ni complex was presented and utilized as a catalyst in olefin polymerizations 
(Scheme 2, complex I). The only other previously reported SNS-NHT pincer complexes 
were synthesized by Miecznikowski.38,39 These Zn complexes (Scheme 2, complexes II
and III) were utilized as models for LADH and were also shown to enhance the reduction 
of 4-nitrobenzaldehyde. 
Figure 1.6 Previously reported SNS-NHT Zn and Ni complexes.
SCS (N-heterocyclic thione) complexes
To my knowledge, there has been only one phenylene-bridged, SCS-NHT pincer 
complex, which bears a Pd metal center.  The synthesis of the thioimidazole ligand 
precursor, illustrated in Scheme 5 was performed by Kenan Tokmic, Casey S. Oian, and 
Dr. Daniel Rabinovich of UNC Charlotte. This synthesis was achieved by refluxing a
mixture of 1,3-bis(3ꞌ-butylimidazol-1ꞌ-yl)benzene diiodide,36 S8, and K2CO3 in ethanol 




















   
    
 







SYNTHESIS, CHARACTERIZATION, PHOTOPHYSICAL PROPERTIES, AND 
CATALYTIC ACTIVITY OF AN SCS BIS(N-HETEROCYCLIC THIONE)
(NHT) Pd PINCER COMPLEX.
Introduction
Pincers are a specific class of organometallic complexes containing meridional 
binding to a metal of a central donor and two lateral donor groups. Since their appearance
in 1976,4 pincers have been extensively explored due to their stability and the ease in the
tuning of their properties by varying the metal center or donor groups.1 One of the most
prominent advantages for these complexes lies in the tridentate nature of the ligand, 
which provides stability and has been found useful in catalytic processes.1 This stability
has been exploited to produce a variety of pincer complexes, designated by donor groups 
such as PCP,4 NCN,5 POCOP,6 PNP,7 CNC,8 and CCC.9 The first sulphur-containing
pincer, a thioether  SCS complex, was reported by Bergbreiter et al. in 1999.18 Although 
these complexes are analogous to PCP pincers, the absence of an air-sensitive phosphine
simplifies SCS preparation.18 Though relatively few SCS pincers have been synthesized, 
they have been shown to exhibit photophysical properties11-15,37 as well as an abundance
of catalytic activity, such as the borylation of allylic alcohols,38 the Heck 






    
  
 











Furthermore, thio-containing pincers have been shown to exhibit a great deal of 
architectural diversity. Variations in design include lateral donor groups such as 
thioamides12,14,15,37,41-43 or thiophosphoryls,11,23,44 and central donors such as indenyls26,45-
47 or azulene units.37 However, an SNS-NHT Zn pincer reported by Meicznikowski, et 
al.48 and an SNS-NHT Ni pincer patented by Guoxin35 are the only previously reported 
pincer complexes with bis(NHT)s. Many mono(NHT) complexes have been reported 
with a variety of metals,28-30 including group 10 metals.31-34,49 Herein, we report a novel 
phenylene-bridged bis(NHT) ligand precursor, and its successful metallation producing a
Pd pincer complex. The photophysics of the complex in solid state and solution 
(absorption, emission, photostability, and lifetime) are reported herein, along with its 
catalytic activity for the Heck,16 Suzuki,22 and Sonogashira50 reaction.
Experimental
General Considerations
All deuterated solvents were filtered through basic alumina before use. NMR
spectra were recorded on Bruker 600 MHz NMR; ESI-TOF MS data was recorded using
a Bruker HRMS instrument. Chemical shifts (δ) were expressed in ppm downfield to 
TMS at δ = 0 and were referenced to the residual solvent peak. Boronic acids were
received from Symphonix, CH2Cl2 from Pharmco-AAPER, and all other materials from 
Sigma-Aldrich. All starting materials were used as received unless otherwise specified. 
1,3-Bis(3′-butylimidazol-1′-yl)benzene diiodide,36 and [PdCl2(CH3CN)2]51 were prepared 

















   
  
    
   
 
Synthesis of 1,3-bis(3ꞌ-butylimidazolyl-2ꞌ-thione)benzene (1)
This synthesis was performed by Kenan Tokmic, Casey S. Oian, and Dr. Daniel 
Rabinovich of University of North Carolina at Charlotte. Under an argon atmosphere, a
stirred suspension of 1 (7.06 g, 12.2 mmol), K2CO3 (4.02 g, 29.1 mmol), S8 (0.91 g, 28.3 
mmol), and ethanol (200 mL) were refluxed for 21 h.  The reaction mixture was removed 
from heat and the solvent was removed under reduced pressure to give a yellow solid.  
The solid was triturated with CH2Cl2 (220 mL) and the filtrate was concentrated under 
reduced pressure to ~5 mL and pentane (30 mL) was added to give an off white solid, 
which was collected by filtration and dried in vacuo for 24 h (4.31 g, 91%).  Mp = 132-
133 oC. 1H NMR (DMSO-d6): δ 8.00 (t, 4JH-H = 2.0 Hz, 1H, C6H4), 7.59-7.79 (AB2 
pattern, 3H, C6H4), 7.46 (d, 3JH-H = 2.6 Hz, 2H, imidazole H), 7.40 (d, 3JH-H = 2.6 Hz, 2H, 
imidazole H), 4.03 (t, 3JH-H = 7.3 Hz, 4H, CH2), 1.72 (quintet, 3JH-H = 7.4 Hz, 4H, CH2), 
1.33 (sextext, 3JH-H = 7.4 Hz, 4H, CH2), 0.93 (t, 3JH-H = 7.3 Hz, 6H, CH3). 13C NMR 
(DMSO-d6): δ 161.5 (s, 2 C, C=S) , 138.2 (d, 2JC-H = 9, 2 C, C6H4), 128.9 (d, 1JC-H = 165, 
1 C, C6H4), 124.7 (dt, 1JC-H = 6, 2 C, C6H4), 122.6 (d, 1JC-H = 166, 1 C, C6H4), 118.8 (dd, 
1JC-H = 199, 2JC-H = 10, 2 C, imidazole C), 118.0 (dd, 1JC-H = 201, 2JC-H = 10, 2 C, 
imidazole C), 46.7 (t, 1JC-H = 141, 2 C, CH2), 30.2 (t, 1JC-H = 127, 2 C, CH2), 19.2 (t, 1JC-
H = 125, 2 C, CH2), 13.6 (q, 1JC-H = 125, 2 C, CH3). IR data:  3118 (w), 3086 (m), 2958 
(m), 2937 (m), 2873 (w), 1602 (m), 1565 (w), 1494 (m), 1459 (m), 1415 (s), 1398 (vs), 
1354 (m), 1313 (m), 1297 (w), 1287 (w), 1261 (s), 1233 (s), 1194 (m), 1151 (s), 1115 
(w), 1096 (w), 1079 (w), 1032 (w), 980 (w), 940 (w), 902 (w), 883 (m), 821 (w), 799 (m), 
774 (s), 743 (m), 717 (s), 687 (vs), 673 (vs) . Anal. Calc. for C20H26N4S2: C, 62.14; H, 











   
  
    
  
 










In a round bottom flask, 1 (2.13 g, 5.51 mmol), [PdCl2(CH3CN)2] (1.34 g, 5.51 
mmol), and CH2Cl2 (260 mL) were combined and stirred at room temperature for 16 h. 
The reaction mixture was filtered, and the solution was concentrated under reduced 
pressure to afford a dark red, crystalline solid. The red solid was dissolved in CH2Cl2 and 
the solution was washed with distilled water (3 × 350 mL). The organic layer was 
concentrated to ~150 mL to precipitate a yellow-orange solid.  The yellow-orange solid 
was collected by filtration and washed with acetone to produce a yellow powder, which 
was dried under vacuum (1.82 g, 67 %). 1H NMR (CD2Cl2, 300 MHz): δ 7.29 (2H, d, 3JH-
H = 2.3 Hz, aryl H), 7.26 (1H, t, 3JH-H = 8.2 Hz, aryl H), 7.11 (2H, d, 3JH-H = 7.9 Hz, 
imidazole H), 6.98 (2H, d, 3JH-H = 2.4 Hz, imidazole H), 5.33 (s, 1H), 4.18 (4H, t, 3JH-H = 
7.4 Hz, NCH2CH2CH2CH3), 1.84 (4H, quint, 3JH-H = 2.0 Hz, NCH2CH2CH2CH3), 1.44 
(4H, m, 3JH-H = 7.6 Hz, NCH2CH2CH2CH3), 0.98 (6H, t, 3JH-H = 7.4 Hz, 6H). 13C {1H}
NMR (CD2Cl2, 151 MHz): δ 154.9, 140.0, 133.7, 126.4, 121.7, 119.8, 118.4, 49.7, 31.9, 
20.3, 14.0. Anal. Calc. for C20H25ClN4PdS2•½CH2Cl2: C, 43.20; H, 4.60; N, 9.83. Found: 
C, 43.43; H, 4.66; N, 9.94.
Catalytic Procedures
1-Propenoic acid
Iodobenzene (0.14 g, 0.69 mmol), methyl acrylate (0.14 g, 1.4 mmol), Et3N 
(0.07g, 0.69 mmol), complex 2 (10.9 mg, 2 mol %), and DMF (1.0 mL) were combined 






   
 
 












   
Iodobenzene (0.14 g, 0.69 mmol), n-butyl acrylate (0.18 g, 1.4 mmol), Et3N 
(0.07g, 0.69 mmol), complex 2 (10.9 mg, 2 mol %), and DMF (1.0 mL) were combined 
and heated at 80 oC for 52 h. GC/MS Calc: 218 m/z. Found: 218 m/z.
Biphenyl
Iodobenzene (25 mg, 0.12 mmol), phenylboronic acid (23 mg, 0.19 mmol), 
Cs2CO3 (20 mg, 0.25 mmol), complex 2 (1.3 mg, 2 mol %), and dioxane (1.0 mL) were
added to a vial and heated at 80 oC for 48h. GC/MS Calc: 154 m/z. Found: 154 m/z. 
4-Phenyltoluene
Iodobenzene (25 mg, 0.12 mmol), p-tolylboronic acid (25 mg, 0.19 mmol), 
Cs2CO3 (20 mg, 0.25 mmol), complex 2 (1.3 mg, 2 mol %), and dioxane (1.0 mL) were
added to a vial and heated at 80 oC for 48h. GC/MS Calc: 168 m/z. Found: 168 m/z. 
Diphenylacetylene
Iodobenzene (25, 0.12 mmol), phenylacetylene (15 mg, 0.15 mmol), CuI (2 mol
%), Cs2CO3 (20 mg, 0.24 mmol), complex 2 (2 mol %), and DMSO (1.0 mL) were added 
to a vial and heated at 80 oC for 18 h. GC/MS Calc: 178 m/z. Found: 178 m/z.
Results and Discussion
Synthesis
Ti(NMe2)4, Zr(NMe2)4, Rh(II)acetate, and Pd sources of [Pd(COD)Cl2], PdCl2, 
[Pd(CH3CN)2], Pd(II)acetate, and Pd(dba)3 were utilized in preliminary experiments for
thione metallation. These reactions were monitored via 1H NMR. When utilizing Ti, Zr, 
or Rh metal sources, the data were consistent with unsuccessful metallation. However, 
promising results from spectral data of reactions in which [Pd(COD)Cl2], PdCl2, and 












   





conditions. When the thione ligand precursor, [PdCl2(CH3CN)2], and CH2Cl2 were
combined at room temperature for 16 h, X-ray quality crystals precipitated, and therefore, 
these were chosen as the optimized reaction conditions. 
The disappearance of the triplet at 7.97 ppm in the 1H NMR of 3, which 
correlated to the proton in the 2 position on the benzene ring of 1, was consistent with 
metallation of the ligand precursor. Metallation also produced a downfield shift from 4.07 
to 4.18 ppm of the triplet corresponding to the methylene proton α to the N. Additionally, 
in the 13C NMR data there was an upfield shift of the peak corresponding to the 
thiocarbonyl from 161.5 ppm in 1 to 154.9 ppm in 2. Furthermore, the ESI-TOF MS
exhibited a major peak at 491.0511 m/z corresponding to a [M-Cl]+, which is within 9 
ppm to theoretical calculations. 
In DMSO-d6, spectral changes of 2 are consistent with hemilabile NHTs. Due to 
this observation, DMSO titration experiments were conducted to explore the hemilability
of the complex. Equivalents of 0.0, 0.1, 0.3, 0.5, 1.0, and 25.0 of DMSO were added to a 
solution of complex 2 in CD2Cl2 and monitored via 1H NMR. Chemical shifts and peak 
widths at half height of selected peaks (DMSO, CHDCl2, and methylene α to the N) were
calculated upon each addition of DMSO in order to observe peak broadening, indicative
of ligand displacement. No changes in the methylene peak were observed with each 
addition of DMSO, even at 25.0 equiv. However, in pure DMSO-d6, the 1H NMR data 
exhibits a shift of the peaks corresponding to the imidazolium protons from δ 7.12 and 
6.98 ppm in CD2Cl2 to δ 7.94 and 7.66 ppm in DMSO-d6. Also, the peaks for the three
aryl protons become a broad singlet at δ 7.31 ppm in DMSO-d6 as opposed to a doublet 











     
  
  




Photophysical data collection was performed by John T. Kelly, Louis E. 
McNamara, Kristina Cuellar, and Dr. Nathan I. Hammer of University of Mississippi. 
Photophysical properties of 2 were evaluated in solution and solid state. The solution data 
included absorption, emission, and lifetime measurements. UV/Vis absorption exhibited a
broad peak at 291 nm. Upon excitation at 355 nm, the emission spectrum contained a
sharp peak at 473 nm. Complex 2 was found to have a lifetime that exhibited 
biexponential decay (τ1 and τ2), suggesting competing electronic transitions. The
lifetimes of 2 included a τ1 of 0.60 ± 0.06 ns and τ2 of 3.91 ± 0.31 ns in MeOH and a τ1 
of 0.61 ± 0.03 ns and τ2 of 3.72 ± 0.15 ns in CHCl3. Photophysical data of 2 in the solid 
state included diffuse reflectance, emission lifetime, and photostability. The diffuse
reflectance spectrum exhibited a sharp absorption at 350 nm. The emission lifetime was 
found to have a τ1 of 0.58 ± 0.05 ns and τ2 of 20.74 ± 6.21 ns. Photostability of 2
illustrated in Figure 2.1, was measured using a 355 nm excitation source, and the 
complex exhibited 96 % retention over 7 hours of constant excitation with an emission 





    
 
 
   
   






Figure 2.1 Photostability of 2 in the solid state.
X-ray Crystallography
The molecular structure was determined by X-ray crystallography (Figure 2.2). 
The structure contained 6,6-fused palladacycles in a twisted rac-conformation. The rac-
conformation of 2 is in contrast to the SNS-NHT complex reported by Meicznikowski,48 
which exhibits the meso-conformation due to the preferred tetrahedral geometry of the d10 
Zn metal. This twisted geometry is also in contrast with CCC-NHC complexes, which 
exhibit planar conformations of the 5,5-fused metallocycles.  Furthermore, the rac-
conformation of 2 establishes a chiral twist similar to the 5,6-fused ring systems 
synthesized by Odinets.11 The square planar Pd geometry is maintained in 2, with bond 









    
 
 
   
 
   
    
 
Figure 2.2 ORTEP of 2 with hydrogens omitted for clarity.
Thermal ellipsoids are shown at 50% probability. Selected bond lengths (Å): Pd1-S2, 
2.2899(13); Pd1-S3, 2.3421(13); Pd1-Cl4, 2.4074(14); Pd1-C11, 1.991(5); S2-C16, 
1.701(5); S3-C9, 1.703(5). Selected bond angles (°): C9-S3-Pd1, 96.7; S3-Pd1-S4, 177.9; 
S3-Pd1-C14, 89.9; S4-Pd1-C14, 88.5; C11-Pd1-Cl4, 178.8; C14-C11-Pd1-S3, -39.7; 
C19-C11-Pd1-S2, -42.1.
DFT Computations
DFT computations were provided by Dr. Charles Edwin Webster of the
University of Memphis. Differences were observed in the crystal structures between the 
rac-conformation of complex 2 and the meso-conformations of compound 1 and the SNS
Zn complex.48 Since no experiments detected other isomers of 2, recourse to DFT 
computations was sought to gain insight into the issue of enantiomeric/diastereomeric
stability. The results of the DFT geometry optimizations for 2M, 2P, and 2-meso are
illustrated in Figure 2.3. The B3LYP functional produced an optimized geometry of 3
that compares favorably with the geometry from the X-ray structure determination. The
° ‡∆𝐺𝑐𝑜𝑚𝑝 of 2-meso was computed to be 6.3 kcal mol-1, and the ∆𝐺𝑐𝑜𝑚𝑝 between rac-2 and 

















the 2M (and 2P) over the 2-meso conformation and are consistent with the experimental 
observations. This preference is attributable to the strain of the pseudo-boat conformation 
of the rings and the additional strain engendered by ring fusion in the meso-conformation 
with a square planar metal. Additional computational results for the PBEPBE functional 
are available in Appendix A.  
Figure 2.3 Computed energies of rac- and meso-conformations of 2M, 2P, and 2-
meso (B3LYP in kcal/mol).
Catalytic Activity
The catalytic activity of 2 was evaluated in cross coupling reactions. Heck,
Suzuki-Miyaura, and Sonogashira reactions were investigated by treatment of 
iodobenzene with substrates for each. The results are represented in Table 2.1. In the 
Heck reactions of iodobenzene and butyl acrylate or methyl methacrylate, modest yields 
were obtained at 52 h (Table 2.1, entries 1 and 2). The Suzuki-Miyaura reactions of 





     
 
                 
 
 
              
 
    
              
        
 
 
              
 
 
              
 
 
              
Entry Product Time Yield (%)a 
b1 52 h 42
b2 52 h 63
c3 48 h 74
c4 48 h 67
d5 18 h 58
 






    
  
yields of 74 and 67 % at 48 h (Table 2.1, entries 3 and 4). In the Sonogashira reaction, 
diphenylacetylene was obtained in 58 % yield in 18 h (Table 2.1, entry 5).
Table 2.1 Heck, Suzuki-Miyaura, and Sonogashira coupling reactions catalysed by 2
with 2 mol % loading.
aYields were obtained by GC/MS and toluene was used as an internal standard. All
reactions were carried out in air at 80 °C using 2 mol % of 2. bIodobenzene (1.0 mmol), 
substrate (2.0 mmol), Et3N (1.0 mmol), DMF (0.7 M). cIodobenzene (1.0 mmol), 
substrate (1.5 mmol), Cs2CO3 (2.0 mmol), dioxane (0.12 M). dIodobenzene (1.0 mmol), 
phenylacetylene (1.2 mmol), CuI (2 mol %), Cs2CO3 (2.0 mmol), and DMSO (0.12 M).
Conclusions
In conclusion, a novel SCS-NHT Pd pincer complex has been synthesized and 
fully characterized. The photophysics of the complex were evaluated in solution and solid 
states, and the complex exhibited excellent solid state photostability in ambient air with a 
96% retention of emission intensity over 7 hours of constant excitation. The molecular
structure of 2 determined by X-ray crystallography exhibited the rac-conformation to 




   
    
  
 
metal center.  DFT computations were used to provide insight into the energy differences 
between rac- and meso-conformations and provide insight into the stereochemical 
stability. The computations showed a preference for the rac-conformation over the meso-
by 6.3 kcal/mol according to the B3LYP functional. The catalytic activity of 2 was 
determined for Heck, Suzuki-Miyaura, and Sonogashira reactions. The complex was 























SYNTHESIS, CHARACTERIZATION, AND PHOTOPHYSICAL PROPERTIES OF
AN SCS (N-HETEROCYCLIC THIONE) (NHT) Pt COMPLEX.
Introduction
Pincers are a well-established class of organometallic complexes that contain the 
meridional binding to a metal of a central donor and two lateral donor groups.52 Since
their appearance in the literature in 1976,4 the architectural diversity of these complexes 
has increased dramatically. As recently as 1999,18 this diversity has been extended to 
include SCS pincer complexes. These complexes have utilized lateral donor groups such 
as thioamides12,14,15,37,41,42,53 and thiophosphoryls.11,23,26 SCS pincers have also been 
shown to exhibit variations in central donor groups such as azulene37 and indolyl46 units. 
Thioamide-based SCS pincers are by far the most abundant, and exhibit interesting
photophysical properties,11-15 which makes them useful in the production of OLEDs 
(organic light-emitting diodes).27 
Though there are many variations in design of SCS complexes, bis(N-heterocyclic
thione) (NHT) lateral donor groups have had a limited amount of exploration. To my
knowledge, there have only been a few previously reported NHT-based pincer 
complexes, many of which contain pyridine as a central donor (SNS).35,48,54 Unlike these










      
          
      
      
      
     
    





    
 
complex with identical ligand architecture to that reported in Chapter II of this thesis. 
There have been no previous reports in the literature of other SCS-NHT complexes. 
Herein, the synthesis and characterization of a phenylene-bridged, SCS-NHT Pt 
complex is reported. Emission lifetime and photostability in the solid state are presented, 
along with the molecular structure as determined by single crystal X-ray diffraction. DFT 
computations were utilized to provide insight into the enantiomeric/diastereomeric 
stability and are also reported. 
Experimental
General Considerations
All deuterated solvents were filtered through basic alumina before use. NMR
spectra were recorded on a Bruker 300 MHz NMR instrument; ESI-TOF MS data was 
recorded using a Bruker HRMS instrument. Chemical shifts (δ) were expressed in ppm 
downfield to TMS at δ = 0 and were referenced to the residual solvent peak. All materials
were received from Sigma-Aldrich unless otherwise specified. The thione ligand precursor
(1) was used as received from the Dr. Daniel Rabinovich group at UNC Charlotte. All 
starting materials were used as received. 1,3-Bis(3ꞌ-butylimidazolyl-2ꞌ-thione)benzene was
prepared according to literature procedures and spectroscopic data was identical to that of
previously reported material.36 
Synthesis of chloro[1,3-bis(3ꞌ-butylimidazolyl-2ꞌ-thione-κ-S)benzene-κ-
C]platinum(II), (3)
In a schlenk flask, 1 (25 mg, 0.065 mmol), PtCl2 (17 mg, 0.065 mmol), CH3CN 
(0.1 mL), and CH2Cl2 (0.5 mL) were combined and stirred at 60 oC for 48 h. The mixture




   
    







      






    
crystals were collected via filtration (10 mg, 25 % yield). 1H NMR (CD2Cl2, 300 MHz): δ 
7.29 (2H, d, 3JH-H = 2.4 Hz, imidazole H), 7.16 (1H, t, 3JH-H = 5.7 Hz, aryl H ), 7.12 (2H, 
t, 3JH-H = 6.0 Hz, aryl H), 6.98 (2H, d, 3JH-H = 2.4 Hz, imidazole H), 4.15 (4H, t, 3JH-H = 
7.4 Hz, NCH2CH2CH2CH3), 1.82 (4H, quint, 3JH-H = 2.3 Hz, NCH2CH2CH2CH3), 1.44 
(4H, m, 3JH-H = 7.8 Hz, NCH2CH2CH2CH3), 0.98 (6H, t, 3JH-H = 7.4 Hz, 
NCH2CH2CH2CH3). 13C NMR (CD2Cl2, 75.5 Hz): δ ESI-TOF MS Calc: 580.1164. 
Found: 580.1174 m/z for [M-Cl]+.
Results and Discussion
Synthesis
The synthesis of chloro[1,3-bis(1ꞌ-butylimidazole-2ꞌ-thione-κ-S)benzene-κ-
C]platinum(II) (3), illustrated in Scheme 4, was achieved by combining 1 with PtCl2, 
CH3CN, and CH2Cl2. The mixture was allowed to evaporate, producing yellow, X-ray
quality crystals. 
Figure 3.1 Synthesis of chloro[1,3-bis(1ꞌ-butylimidazole-2ꞌ-thione-κ-S)benzene-κ-
C]platinum(II).
The comparing of 1H NMR spectra of ligand precursor 1 with that of 3 reveals a 














   
 




position of the benzene ring. This data is consistent with successful metallation of the
ligand precursor. There is also a downfield shift of the peak corresponding the methylene
proton α to the N from 4.07 ppm in the 1H NMR of 1 to 4.14 ppm in the spectrum of 2, 
indicating successful metallation. Furthermore, the ESI-TOF MS showed a major peak at 
580.1174 m/z, which is within 1.6 ppm of the calculated value for [M-Cl]+. The material 
was also characterized by 13C NMR, and X-ray crystallography.
X-ray Crystallography
Crystals of 3 were grown via slow evaporation of the reaction mixture. The
molecular structure determined by X-ray crystallography is illustrated in Figure 5. The
structure contained a twisted rac-conformation of the two 6,6-fused ring metallocycles. 
Also, the square planar geometry of the Pt center was maintained with angles of 176.9o 
for S2-Pt1-S3 and 179.2o for C1-Pt1-Cl1. These angles are comparable to those of the
SCS-NHT Pd complex, which exhibited 177.9° and 178.8°. 
Figure 3.2 ORTEP diagram of 3 with hydrogens omitted for clarity.
Thermal ellipsoids are shown at 50% probability. Selected bond lengths (Å): Pt1-S2, 2.2878(9);
Pt1-S3, 2.3255(9); Pt1-Cl1, 2.4032(10); Pt1-C1, 2.002(3); Selected bond angles (°): S2-Pt1-S3, 







      
  
    




 Computed energies of rac- and meso-conformations of 3M, 3P, and 3-
meso (B3LYP in kcal mol-1). 
 
DFT Computations
DFT computations were performed to compare the minimal energy structures of 
the SCS-NHT Pt complex with those of the previously reported SCS-NHT Pd complex. 
The results of the DFT geometry optimizations for 3M, 3P, and 3-meso are illustrated in 
Figure 2. The B3LYP functional was used to determine optimized 
o ‡geometries. The ∆𝐺𝑐𝑜𝑚𝑝 of 3-meso was found to be 5.9 kcal mol-1, and the ∆𝐺𝑐𝑜𝑚𝑝 
between rac-3 and 3-meso was determined to be 8.2 kcal mol-1 . These values differ only
oslightly from the SCS-NHT Pd complex, which exhibited a ∆𝐺𝑐𝑜𝑚𝑝 of 6.3 kcal mol-1 and 
‡a ∆𝐺𝑐𝑜𝑚𝑝 of 8.4 kcal mol-1 . This data is consistent with a high preference of the 3M


















The photophysical properties of complex 3 were evaluated in the solution and 
solid state. Emission lifetime in the solid state, illustrated in Figure 3.5, exhibited a
lifetime of 4.32 µs at room temperature. This measurement is much longer than the
lifetimes measured for the SCS-NHT Pd complex, which exhibited biexponential decay
and had a τ1 of 0.58 ± 0.05 ns and τ2 of 20.74 ± 6.21 ns. 
Figure 3.4 Emission lifetime of complex 3.
Photostability of 3 is shown in Figure 3.4. The complex exhibited a 93 % 
retention over the course of 8 hours under constant excitation in ambient air. This is 
comparable to the SCS-NHT Pd complex, which exhibited a 96 % retention over 7 hours 









   
 
   
  
 
Figure 3.5 Photostability of complex 3.
Conclusions
In conclusion, the synthesis and characterization of a novel SCS-NHT Pt complex
is presented herein. The molecular structure as determined by X-ray crystallography
displayed a chiral twist similar to that of the previously reported SCS-NHT Pd complex. 
The photophysical data was evaluated in the solution and solid state. Complex 3
exhibited a lifetime of 4.32 µs, which is much longer than that of the SCS-NHT Pd 
complex. Complex 3 also exhibited excellent photostability in the solid state with 93 % 
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Single crystals of C20H25N4S2ClPd•½CH2Cl2 were grown via vapor diffusion of
Et2O into a saturated solution of complex 3 in CH2Cl2. A suitable crystal was selected 
and mounted on a 200 µm mitogen loop on a Bruker APEX-II CCD diffractometer. The
crystal was kept at 120.04 K during data collection. Using Olex2 [3], the structure was 
solved with the olex2.solve [4] structure solution program using Charge Flipping and 
refined with the olex2.refine [5] refinement package using Gauss-Newton minimisation.
See Table 1-Table 6 for refinement information
Crystal Data for C20H25N4S2ClPd•½CH2Cl2 (M =569.91): monoclinic, space
group C2/c (no. 15), a = 31.218(4) Å, b = 9.2969(11) Å, c = 18.482(3) Å, β = 
120.004(3)°, V = 4645.2(11) Å3, Z = 8, T = 120.04 K, μ(Mo Kα) = 1.225 mm-1 , Dcalc = 
1.6297 g/mm3, 41942 reflections measured (3.02 ≤ 2Θ ≤ 54.58), 5207 unique (Rint = 
0.0379, Rsigma = 0.0208) which were used in all calculations. The final R1 was 0.0230 
(I>=2u(I)) andwR2 was 0.0700 (all data).
Structure description
Individual molecules with a half-molecule of CH2Cl2 comprise the asymmetric unit. The
molecular structure contains a twisted geometry, exhibiting the rac-conformation. The Pd 
























   
   
  
  
    
  
  
    




Tables for Crystal Data
Crystal data and structure refinement for 2.
Identification code get1146
















Crystal size/mm3 0.226 × 0.097 × 0.042
Radiation Mo Kα (λ = 0.71073)
2Θ range for data collection 3.02 to 54.58°
Index ranges -40 ≤ h ≤ 40, -11 ≤ k ≤ 11, -23 ≤ l ≤ 23
Reflections collected 41942
Independent reflections 5207 [Rint = 0.0379, Rsigma = 0.0208]
Data/restraints/parameters 5207/0/269
Goodness-of-fit on F2 1.040
Final R indexes [I>=2σ (I)] R1 = 0.0227, wR2 = 0.0497
Final R indexes [all data] R1 = 0.0298, wR2 = 0.0526




 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for 2.  
    
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
 
  
Atomx y z U(eq)
Pd1 3672.40(5) 8735.26(16) 4715.41(9) 9.49(5)
S2 4390.85(18) 7546.7(6) 5047.0(3) 13.29(10)
S3 2938.17(18) 9908.4(5) 4417.7(3) 13.56(11)
Cl4 4008.16(18) 9235.0(6) 6178.6(3) 18.85(11)
N6 4190.5(6) 8613.6(18) 3512.6(10) 11.4(3)
N7 2162.1(6) 8043.9(19) 3954(1) 13.6(3)
N8 4974.8(6) 8453.2(18) 4440.3(10) 12.3(3)
C9 2547.9(7) 8522(2) 3884.9(12) 12.0(4)
N10 2585.8(6) 7629.9(18) 3338.5(10) 11.7(3)
C11 3399.8(7) 8281(2) 3504.5(12) 10.6(4)
C12 3451.9(7) 8145(2) 2216.7(12) 13.8(4)
C13 1951.7(7) 8773(2) 4411.7(13) 15.3(4)
C14 2902.7(7) 7861(2) 2991.3(12) 11.2(4)
C15 4941.8(8) 9038(2) 3724.1(13) 15.8(4)
C16 4514.6(7) 8201(2) 4311.0(12) 11.0(4)
C17 6377.1(9) 5436(3) 6626.8(14) 25.9(5)
C18 1962.0(7) 6830(2) 3462.1(13) 16.0(4)
C19 3667.3(7) 8364(2) 3078.0(12) 11.0(4)
C20 2224.1(7) 6570(2) 3081.6(13) 15.5(4)
C21 1276.8(8) 10460(3) 4267.4(15) 21.6(5)
C22 5431.2(7) 8320(2) 5252.2(12) 13.8(4)
C23 4460.9(7) 9141(2) 3149.6(13) 14.6(4)
C24 1613.4(9) 11617(3) 4851.8(16) 26.4(5)
C25 2955.1(8) 7815(2) 1742.2(13) 16.2(4)
C26 5637.7(7) 6811(2) 5487.7(13) 15.6(4)
C27 2678.8(7) 7659(2) 2133.6(13) 14.7(4)
C29 1498.4(8) 9644(2) 3815.4(13) 17.4(4)
C30 6112.2(8) 6874(2) 6339.0(13) 19.1(4)
Cl1 212.2(3) 9845.8(12) 1958.0(5) 56.2(2)
C1 0 8761(5) 2500 52.1(12)




 Anisotropic Displacement Parameters (Å2×103) for 2.  
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
 
  
Ato U11 U22 U33 U12 U13 U23
P1 7.89(7) 12.96(8) 7.99(8) -2.09(6) 4.23(6) -0.73(6)
S2 10.3(2) 19.2(3) 10.8(2) 1.09(19) 5.56(19) -4.38(19)
S3 11.7(2) 12.7(2) 16.7(2) -1.30(19) 7.5(2) -2.95(19)
C4 13.4(2) 33.9(3) 11.0(2) -8.3(2) 7.42(19) -7.2(2)
N6 10.8(8) 14.7(9) 9.0(7) -0.7(7) 5.2(6) 1.0(7)
N7 10.8(8) 15.5(9) 14.9(8) 0.2(7) 6.8(7) 1.4(7)
N8 8.6(8) 15.3(9) 12.5(8) -0.2(6) 4.9(7) 0.9(6)
C9 9.0(9) 13.4(10) 12.1(9) 1.7(7) 4.1(7) 2.6(8)
N10 9.1(8) 13.68) 12.2(8) -1.7(6) 5.1(7) -0.8(7)
C11 12.2(9) 8.5(9) 9.6(9) 1.8(7) 4.4(8) 1.5(7)
C12 14.1(9) 16.8(10) 13.0(9) 0.5(8) 8.7(8) -0.4(8)
C13 14.4(10) 20.1(11) 14.4(10) 0.9(9) 9.5(8) 1.7(8)
C14 10.5(9) 10.0(9) 13.4(9) 0.8(7) 6.3(8) 0.7(7)
C15 15(1) 20.5(11) 15.9(10) -2.1(8) 10.7(8) 1.2(8)
C16 9.9(9) 11.0(9) 11.8(9) 0.3(7) 5.2(8) 0.2(7)
C17 30.6(13) 23.1(13) 20.2(12) 9.9(10) 9.7(10) 4.6(10)
C18 11.7(9) 16.2(10) 19.5(10) -3.6(8) 7.1(8) 0.6(8)
C19 9.3(9) 11.09) 11.0(9) -0.2(7) 3.8(8) 0.7(7)
C20 12.3(10) 14(1) 18.1(10) -3.5(8) 6.1(8) -1.8(8)
C21 18.0(11) 22.8(12) 27.7(12) -0.1(9) 14.2(10) -3.5(10)
C22 8.0(9) 17.2(10) 13.3(9) -0.6(8) 3.2(8) -0.5(8)
C23 14.8(10) 19.3(11) 13.1(10) -2.4(8) 9.5(8) 1.2(8)
C24 29.0(13) 29.4(13) 29.5(13) -6.7(10) 21.1(11) -9.7(10)
C25 15.5(10) 20.2(11) 10.9(9) 0.3(8) 5.1(8) -2.9(8)
C26 13.1(10) 16.6(10) 15.8(10) 1.6(8) 6.3(8) -0.7(8)
C27 9.7(9) 16.9(10) 14.6(10) -0.1(8) 3.8(8) -2.9(8)
C29 15.8(10) 18.2(11) 17.7(10) 0.8(8) 7.9(9) -1.0(8)
C30 16.4(10) 20.2(11) 16.5(10) 3.3(9) 5.1(9) 0.7(9)
Cl1 34.8(4) 99.2(7) 33.5(4) -4.4(4) 16.4(3) -9.4(4)





 Bond Lengths for 2. 
       
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        




Pd1 S2 2.2917(6) N10 C20 1.391(3)
Pd1 S3 2.3419(6) C11 C14 1.410(3)
Pd1 Cl4 2.4068(6) C11 C19 1.408(3)
Pd1 C11 2.0017(19) C12 C19 1.399(3)
S2 C16 1.702(2) C12 C25 1.381(3)
S3 C9 1.707(2) C13 C29 1.521(3)
N6 C16 1.362(2) C14 C27 1.389(3)
N6 C19 1.433(2) C15 C23 1.340(3)
N6 C23 1.404(2) C17 C30 1.521(3)
N7 C9 1.349(2) C18 C20 1.341(3)
N7 C13 1.470(3) C21 C24 1.514(3)
N7 C18 1.387(3) C21 C29 1.526(3)
N8 C15 1.386(3) C22 C26 1.514(3)
N8 C16 1.354(2) C25 C27 1.383(3)
N8 C22 1.469(2) C26 C30 1.531(3)





 BondAngles for 2. 
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
              
 
Atom AtomAtom Angle/˚ AtomAtom AtomAngle/˚
S3 Pd1 S2 177.911(19) C19 C11 C14 113.56(17)
Cl4 Pd1 S2 88.540(18) C25 C12 C19 120.19(18)
Cl4 Pd1 S3 89.955(18) C29 C13 N7 110.50(16)
C11 Pd1 S2 90.53(6) C11 C14 N10 120.79(17)
C11 Pd1 S3 90.96(6) C27 C14 N10 115.02(17)
C11 Pd1 Cl4 178.84(6) C27 C14 C11 124.19(18)
C16 S2 Pd1 101.36(7) C23 C15 N8 107.68(17)
C9 S3 Pd1 96.67(7) N6 C16 S2 128.61(15)
C19 N6 C16 125.63(16) N8 C16 S2 124.47(15)
C23 N6 C16 108.52(16) N8 C16 N6 106.88(16)
C23 N6 C19 125.31(16) C20 C18 N7 107.31(18)
C13 N7 C9 125.41(17) C11 C19 N6 121.59(17)
C18 N7 C9 109.71(17) C12 C19 N6 115.20(17)
C18 N7 C13 124.62(17) C12 C19 C11 123.15(18)
C16 N8 C15 109.49(16) C18 C20 N10 107.29(18)
C22 N8 C15 125.41(16) C29 C21 C24 113.62(18)
C22 N8 C16 124.55(16) C26 C22 N8 115.34(17)
N7 C9 S3 127.43(16) C15 C23 N6 107.42(18)
N10 C9 S3 126.02(15) C27 C25 C12 119.15(19)
N10 C9 N7 106.46(17) C30 C26 C22 108.33(17)
C14 N10 C9 125.16(17) C25 C27 C14 119.55(18)
C20 N10 C9 109.22(16) C21 C29 C13 112.34(18)
C20 N10 C14 125.10(17) C26 C30 C17 113.78(19)
C14 C11 Pd1 121.35(14) Cl1 C1 Cl11 110.4(3)





 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for 2. 
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
 
 Atomic Occupancy for 2. 
    
    
Atom x y z U(eq)
H12 3647.8(7) 8224(2) 1957.3(12) 16.6(5)
H13a 1858.3(7) 8050(2) 4701.3(13) 18.3(5)
H13b 2203.1(7) 9419(2) 4839.1(13) 18.3(5)
H15 5211.4(8) 9315(2) 3653.3(13) 19.0(5)
H17a 6453(6) 5069(9) 6207(5) 38.9(8)
H17b 6685(3) 5563(4) 7160(5) 38.9(8)
H17c 6164(3) 4748(6) 6699(10) 38.9(8)
H18 1689.6(7) 6283(2) 3405.3(13) 19.3(5)
H20 2172.4(7) 5804(2) 2706.2(13) 18.6(5)
H21a 1199.4(8) 9766(3) 4592.3(15) 25.9(6)
H21b 962.0(8) 10909(3) 3846.6(15) 25.9(6)
H22a 5686.9(7) 8944(2) 5248.0(12) 16.5(5)
H22b 5366.3(7) 8687(2) 5691.0(12) 16.5(5)
H23 4327.6(7) 9505(2) 2598.0(13) 17.5(5)
H24a 1716(5) 12260(11) 4547(3) 39.6(8)
H24b 1436(2) 12171(12) 5071(8) 39.6(8)
H24c 1906(3) 11169(3) 5316(6) 39.6(8)
H25 2805.2(8) 7697(2) 1154.5(13) 19.4(5)
H26a 5393.2(7) 6172(2) 5517.4(13) 18.7(5)
H26b 5710.3(7) 6424(2) 5061.6(13) 18.7(5)
H27 2338.0(7) 7416(2) 1817.9(13) 17.7(5)
H29a 1591.4(8) 10339(2) 3511.7(13) 20.9(5)
H29b 1245.2(8) 8989(2) 3398.5(13) 20.9(5)
H30a 6029.5(8) 7222(2) 6760.7(13) 22.9(5)
H30b 6340.4(8) 7581(2) 6310.0(13) 22.9(5)
H1a 272.335248 8136(5) 2901.444273 62.5(14)
H1b -272.335248 8136(5) 2098.555727 62.5(14)
Atom Occupancy Atom Occupancy
H1a 0.500000 H1b 0.500000










































































































































































































































 Experimental (top) vs. theoretical (bottom) ESI-TOF MS for [M-Cl]+ 
ESI-TOF MS
48
   
 
 
 3-B3LYP Computations 
   
   
        
   
    
   
    
       
   
   
       
       
    
         
   
   
   
        
   
       
    
       
       
   
        
              
            
      




Pd  0.000000 0.000000 0.665938
S  1.362797 -1.966866 0.672132
S -1.362797 1.966866 0.672132
Cl  0.000000 0.000000 3.087440
N -0.293173 -2.457621 -1.501525
N 0.000000 4.186932 -0.191943
N 0.000000 -4.186932 -0.191943
C -0.348146 2.880085 -0.367385
N 0.293173 2.457621 -1.501525
C  0.000000 0.000000 -1.370055
C -0.094842 -1.195140 -3.536682
C -0.444460 5.026244 0.924925
C  0.130372 1.179371 -2.135343
C -0.861379 -4.579804 -1.206525
C  0.348146 -2.880085 -0.367385
C  3.584637 -7.266024 1.604779
C  0.861379 4.579804 -1.206525
C -0.130372 -1.179371 -2.135343
C  1.052243 3.507331 -2.014238
C -2.235744 6.578929 1.846687
C  0.444460 -5.026244 0.924925
C -1.052243 -3.507331 -2.014238
C -3.584637 7.266024 1.604779
C  0.000000 0.000000 -4.242068
C  1.793562 -5.706803 0.663488
C  0.094842 1.195140 -3.536682
C -1.793562 5.706803 0.663488
C  2.235744 -6.578929 1.846687
H -0.123392 -2.141811 -4.070780
H -0.500849 4.377005  1.805930
H 0.343592 5.768876 1.097734
H -1.282536 -5.573660 -1.240246
H 3.877188 -7.878564  2.466437
H 3.546076 -7.923073  0.725424
H 4.379847 -6.528589  1.434172
H 1.282536 5.573660 -1.240246
H 1.685826 3.378235 -2.877452
H -1.466362 7.339658  2.049696
H -2.297393 5.956009  2.750846
H 0.500849 -4.377005  1.80593
H -0.343592 -5.768876  1.097734
H -1.685826 -3.378235 -2.877452
H -3.877188 7.878564 2.466437
H -3.546076 7.923073  0.725424
H -4.379847 6.528589  1.434172
H 0.000000 0.000000 -5.328873
H 1.722496 -6.318080 -0.248899
H 2.548185 -4.931912  0.470062
H 0.123392 2.141811 -4.070780
H -1.722496 6.318080 -0.248899
H -2.548185 4.931912  0.470062
H 1.466362 -7.339658  2.049696







   
 
 TS-3-4-B3LYP 
    
        
   
    
    
    
   
   
   
   
       
   
   
       
       
       
    
       
    
   
       
       
   
        
            
              
        
          
       
 
  
Pd   -0.009194 -0.642768 -0.495855
S -2.388139 -0.734549 -0.739873
S  2.278697 -1.030476 -0.447801
Cl   -0.109773 -2.991217 -1.129332
N -2.199463 1.477949  0.887964
N 4.426588 0.594514 -0.477867
N -3.925607 0.207726  1.330292
C  3.061746 0.483985 -0.481121
N 2.556984 1.761746 -0.521286
C  0.091916 1.375415 -0.114561
C -1.244814 3.475048 0.023243
C  5.363642 -0.531644 -0.432611
C  1.182171 2.212637 -0.475528
C -3.950135 1.262557 2.232255
C -2.847194 0.340412 0.503991
C -8.106599 -1.589778 -0.867575
C  4.782984 1.929849 -0.474852
C -1.077529 2.101724 0.236364





C -2.876670 2.047462 1.965884
C  6.920188 -2.710001 2.426234
C -0.205856 4.211068 -0.531175
C -6.004436 -0.645413 0.233402
C  1.009185 3.582087 -0.757682
C  5.650114 -1.020283 0.993274
C -6.998203 -1.813544 0.167402
H -2.200065 3.943736  0.246114
H 4.937991 -1.337401 -1.040844
H 6.284615 -0.195181 -0.924205
H -4.710650 1.339505  2.995167
H -8.799465 -2.439713 -0.895593
H -8.691699 -0.688989 -0.637975
H -7.687835 -1.466835 -1.874854
H 5.815728 2.245484 -0.453457
H 3.518690 3.719538 -0.435198
H 7.557094 -1.930312  0.508440
H 6.187833 -3.032806  0.415660
H -4.330379 -1.796539  1.015037
H -5.310468 -1.011376  2.269894
H -2.507448 2.934252  2.456755
H 7.609189 -3.563333  2.407532
H 7.381194 -1.921481  3.036251
H 6.003070 -3.032118  2.936264
H -0.334225 5.262492 -0.773992
H -6.534129 0.286169  0.483893
H -5.543075 -0.494656 -0.752264
H 1.815920 4.164883 -1.186918
H 6.066628 -0.189613  1.582775
H 4.700991 -1.304887  1.466186
H -7.447393 -1.971059  1.160150







   
 
 4-B3LYP 
    
       
   
    
    
    
   
   
     
   
       
   
   
       
       
         
    
       
    
   
       
       
     
       
            
              
        
          
        
 
  
Pd  0.077933 -0.570932 -0.560386
S -2.236891 -0.954940 -0.332034
S  2.367042 -0.784793 -1.097571
Cl  0.035677 -2.887020 -1.320035
N -2.318289 1.661189  0.586365
N 4.433063 0.691865 -0.102246
N -3.988657 0.404520  1.252403
C  3.113658 0.605665 -0.449187
N 2.553708 1.820256 -0.168230
C  0.069879 1.446702 -0.164721
C -1.241524 3.550053 -0.386900
C  5.389328 -0.419136 -0.160804
C  1.204119 2.274065 -0.388378
C -4.176284 1.659609 1.808602
C -2.843226 0.401616 0.505691
C -7.845918 -2.256392 -0.645013
C  4.692787 1.947182 0.424510
C -1.130320 2.196213 -0.029121
C  3.534417 2.647378 0.390791
C  6.324389 -2.482007 1.001858
C -4.879111 -0.746600 1.419835
C -3.140750 2.436374 1.411690
C  6.292894 -3.371155 2.250238
C -0.119805 4.260807 -0.792395
C -5.901512 -0.886469 0.284747
C  1.116057 3.629214 -0.746390
C  5.345855 -1.302764 1.092195
C -6.815862 -2.103801 0.480151
H -2.215333 4.032166 -0.373977
H 5.159268 -1.005223 -1.056444
H 6.383035 0.023497 -0.300376
H -5.012816 1.875318  2.456788
H -8.484273 -3.133195 -0.480954
H -8.498151 -1.375132 -0.710499
H -7.353472 -2.379277 -1.618323
H 5.673189 2.220710 0.785821
H 3.301424 3.638281 0.744574
H 7.346447 -2.103606 0.844158
H 6.079478 -3.086229  0.116083
H -4.244517 -1.638274  1.479501
H -5.380736 -0.622523  2.387289
H -2.881195 3.448276  1.675946
H 6.995600 -4.208361  2.157507
H 6.564980 -2.804392  3.150883
H 5.291531 -3.790949 2.410343
H -0.204548 5.293557 -1.119788
H -6.504789 0.031931  0.225312
H -5.361535 -0.976296 -0.667569
H 2.016406 4.173755 -1.018012
H 5.576817 -0.688478  1.975493
H 4.321840 -1.677589  1.219840
H -7.336236 -2.021462 1.446966
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Pd  0.000000 0.000000 0.638652
S 1.337389 -1.952755 0.683810
S -1.337389 1.952755 0.683810
Cl  0.000000 0.000000 3.056565
N -0.291450 -2.462100 -1.524725
N 0.000000 4.193094 -0.196555
N 0.000000 -4.193094 -0.196555
C -0.341998 2.874070 -0.370300
N 0.291450 2.462100 -1.524725
C  0.000000 0.000000 -1.383735
C -0.089877 -1.200778 -3.565295
C -0.440084 5.014680 0.934657
C  0.128854 1.184908 -2.157192
C -0.841106 -4.599865 -1.225642
C  0.341998 -2.874070 -0.370300
C 3.624910 -7.167965 1.699044
C  0.841106 4.599865 -1.225642
C -0.128854 -1.184908 -2.157192
C  1.031510 3.524205 -2.046566
C -2.252338 6.514684 1.907748
C  0.440084 -5.014680 0.934657
C -1.031510 -3.524205 -2.046566
C -3.624910 7.167965 1.699044
C  0.000000 0.000000 -4.274186
C  1.814032 -5.661596 0.706833
C  0.089877 1.200778 -3.565295
C -1.814032 5.661596 0.706833
C  2.252338 -6.514684 1.907748
H -0.107828 -2.156904 -4.100610
H -0.464079 4.348324  1.817304
H 0.339174 5.780579 1.100467
H -1.256053 -5.604991 -1.259878
H 3.919636 -7.769583  2.577119
H 3.622263 -7.837530  0.818731
H 4.408968 -6.405716  1.536453
H 1.256053 5.604991 -1.259878
H 1.661676 3.400180 -2.923221
H -1.491902 7.298251  2.101301
H -2.276912 5.878766  2.814587
H 0.464079 -4.348324  1.817304
H -0.339174 -5.780579  1.100467
H -1.661676 -3.400180 -2.923221
H -3.919636 7.769583  2.577119
H -3.622263 7.837530  0.818731
H -4.408968 6.405716  1.536453
H 0.000000 0.000000 -5.369052
H 1.780440 -6.283415 -0.210327
H 2.556790 -4.860369  0.524856
H 0.107828 2.156904 -4.100610
H -1.780440 6.283415 -0.210327
H -2.556790 4.860369  0.524856
H 1.491902 -7.298251  2.101301
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Pd   -0.010621 -0.616184 -0.483468
S -2.363845 -0.750097 -0.709499
S  2.250172 -1.033173 -0.380373
Cl   -0.113132 -2.960382 -1.144131
N -2.194178 1.485257  0.916191
N 4.425327 0.569582 -0.513416
N -3.929729 0.202277  1.347650
C  3.050579 0.473369 -0.478021
N 2.557604 1.765267 -0.554075
C  0.092856 1.381922 -0.110838
C -1.240772 3.496828 0.072730
C  5.339717 -0.573870 -0.452673
C  1.189457 2.225084 -0.475800
C -3.971242 1.264530 2.243429
C -2.835583 0.333954 0.525704
C -8.038732 -1.626126 -0.959505
C  4.797519 1.901233 -0.578159
C -1.075612 2.113126 0.266555
C  3.657361 2.643636 -0.598235
C  6.569188 -2.252105 1.015995
C -4.890269 -0.900717 1.262037
C -2.890336 2.059123 1.983414
C  6.873906 -2.722537 2.444378
C -0.199469 4.239489 -0.483250
C -5.972685 -0.667267 0.198098
C  1.015972 3.606252 -0.733334
C  5.628560 -1.037352 0.983282
C -6.958225 -1.843282 0.107887
H -2.202383 3.965988 0.308775
H 4.882729 -1.390698 -1.041802
H 6.269335 -0.268526 -0.967024
H -4.745340 1.339603  3.004243
H -8.730641 -2.485512 -1.009215
H -8.639726 -0.722627 -0.745743
H -7.588596 -1.499049 -1.961117
H 5.841930 2.205773 -0.600024
H 3.548974 3.720823 -0.578678
H 7.515968 -2.002579  0.495132
H 6.110618 -3.081672  0.442226
H -4.306866 -1.811518  1.029183
H -5.335666 -1.023515  2.266018
H -2.522703 2.952912  2.480694
H 7.544689 -3.599962  2.442780
H 7.364282 -1.925789  3.034226
H 5.947441 -3.009175  2.974981
H -0.326875 5.302219 -0.713040
H -6.517824 0.270046  0.428785
H -5.477623 -0.518169 -0.781371
H 1.824623 4.199733 -1.165928
H 6.070791 -0.197130  1.555339
H 4.669189 -1.292100  1.472966
H -7.436081 -2.002932  1.095868
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Pd  0.073919 -0.538245 -0.566736
S -2.212142 -0.951710 -0.316378
S  2.343708 -0.810248 -1.053117
Cl  0.014344 -2.842549 -1.378632
N -2.308371 1.677116  0.603466
N 4.445962 0.671125 -0.109557
N -3.981849 0.404762 1.273520
C  3.111988 0.588279 -0.439125
N 2.566216 1.824306 -0.172756
C  0.076910 1.453263 -0.167814
C -1.232571 3.577175 -0.360597
C  5.380185 -0.459175 -0.156569
C  1.220521 2.284455 -0.386145
C -4.181541 1.663733 1.822195
C -2.827288 0.404053 0.523438
C -7.781891 -2.298017 -0.682818
C  4.726621 1.936519 0.386787
C -1.125450 2.212717 -0.014363
C  3.566876 2.654166 0.353152
C  6.245802 -2.550133 1.016105
C -4.862197 -0.755275 1.430081
C -3.142553 2.452106 1.421588
C  6.174769 -3.436579 2.266540
C -0.105072 4.289392 -0.769065
C -5.865775 -0.907610 0.277098
C  1.134081 3.649909 -0.734333
C  5.301256 -1.340650 1.098904
C -6.767992 -2.138426 0.457848
H -2.214006 4.063357 -0.341984
H 5.142774 -1.047174 -1.061348
H 6.392436 -0.035891 -0.289871
H -5.026912 1.876155 2.473372
H -8.416739 -3.189114 -0.532326
H -8.448191 -1.418185 -0.753674
H -7.271433 -2.410282 -1.656839
H 5.721790 2.206629 0.734007
H 3.343925 3.658853 0.699580
H 7.287509 -2.200783  0.863936
H 5.987231 -3.150794 0.121628
H -4.210107 -1.646432  1.496290
H -5.382052 -0.638861  2.398695
H -2.881609 3.471294  1.690559
H 6.853734 -4.303521  2.181463
H 6.459795 -2.874188  3.175173
H 5.151424 -3.824798 -2.42024
H -0.188615 5.330939 -1.095595
H -6.483204 0.010272  0.206339
H -5.303403 -0.991276 -0.673048
H 2.042528 4.194140 -1.014270
H 5.543113 -0.727724  1.990178
H 4.256938 -1.687722  1.217235
H -7.304127 -2.065547  1.426013


































































































Experimentals for photophysical data
Diffuse Reflectance
Solid state absorbance (diffuse reflectance) was taken by directing the emission of 
a Xenon arc lamp on the sample using a solarization resistant fiber optic cable.  The
sample was placed inside an IC2 integrating sphere from Stellar Net Inc. and the fiber
optic was connected to the illuminator input port.  A second fiber optic cable was used to 
collect light from inside the integrating sphere and direct it to an OceanOptics 
spectrometer.  The collected spectrum was compared to a standard composed of 
Spectralon® in order to determine the percent reflectivity of the sample.   The percent 




The solution phase UV-vis absorption spectum was collected using a Hewlett
Packard 8453 UV-vis spectrometer with a 1 second integration time and 1nm resolution 
over the range 200-800nm. The solution phase emission spectrum was collected using a
PerkinElmer LS 55 fluorescence spectrometer.  The excitation wavelength was chosen to 
be 355nm with a 100nm/min scan rate.
Lifetime
The solution phase lifetime was determined to be less than 20ns using the second 
harmonic (532nm) of a pulsed Nd:YAG laser.  Further lifetime measurements were made
using 405nm excitation source from a pulsed diode laser.  Lifetime data was taken with 
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solid dissolved in both methanol and in chloroform.  The solid state lifetime was also 
measured.  Emission from the sample was collected using a fiber optic cable and spectra
were collected using a PDM detector from PicoQuant.
Photostability
Photostability was measured using a xenon arc lam and monochromator to select 
355nm as the excitation source.  Emission was collected using a fiber optic cable and 
detected using a photodiode array(PDA).  Spectra were collected every 30 seconds for 7 
















































































































   
 
 


























Single crystals of C20.5H26Cl2N4PtS2 [UMCB0056_GET_I_147_0m_a] were
[?]. A suitable crystal was selected and [] on a 'Bruker APEX-II CCD' diffractometer. 
The crystal was kept at 296.15 K during data collection. Using Olex2 [1], the structure
was solved with the XS [2] structure solution program using Direct Methods and refined 
with the XL [3] refinement package using Least Squares minimisation.
Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H. 
(2009), J. Appl. Cryst. 42, 339-341. 
Sheldrick, G.M. (2008). Acta Cryst. A64, 112-122.
Sheldrick, G.M. (2008). Acta Cryst. A64, 112-122.
Crystal structure determination of 3.
Crystal Data for C20.5H26Cl2N4PtS2 (M =658.56): monoclinic, space group 
C2/c (no. 15), a = 31.321(9) Å, b = 9.289(3) Å, c = 18.506(5) Å, β = 120.216(2)°, V =
4653(2) Å3, Z = 8, T = 296.15 K, μ(MoKα) = 6.457 mm-1, Dcalc = 1.880 g/mm3, 31442 
reflections measured (3.01 ≤ 2Θ ≤ 52.306), 4642 unique (Rint = 0.0601, Rsigma =
0.0356) which were used in all calculations. The final R1 was 0.0255 (I > 2σ(I)) and wR2 
was 0.0692 (all data).
Refinement model description




   
 
  
    
  
















At 1.2 times of:
All C(H) groups, All C(H,H) groups
At 1.5 times of:
All C(H,H,H) groups
2. Rigid bond restraints
All non-hydrogen atoms
with sigma for 1-2 distances of 0.01 and sigma for 1-3 distances of 0.01
3. Others
Fixed Sof: H21A(0.5) H21B(0.5)
4.a Secondary CH2 refined with riding coordinates:
C14(H14A,H14B), C13(H13A,H13B), C17(H17A,H17B), C18(H18A,H18B), 
C19(H19A,
H19B), C15(H15A,H15B), C21(H21A,H21B)
4.b Aromatic/amide H refined with riding coordinates:
C7(H7), C11(H11), C12(H12), C8(H8), C3(H3), C5(H5), C4(H4)
4.c Idealised Me refined as rotating group:
C16(H16A,H16B,H16C), C20(H20A,H20B,H20C)
This report has been created with Olex2, compiled on 2014.03.20 svn.r2914 for 
OlexSys. 
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 Crystal data and structure refinement for 3. 
Identification code UMCB0056_GET_I_147_0m_a
















Crystal size/mm3 0.25 × 0.2 × 0.2
Radiation MoKα (λ = 0.71073)
2Θ range for data collection 3.01 to 52.306°
Index ranges -38 ≤ h ≤ 38, -11 ≤ k ≤ 11, -22 ≤ l ≤ 22
Reflections collected 31442
Independent reflections 4642 [Rint = 0.0601, Rsigma = 0.0356]
Data/restraints/parameters 4642/81/270
Goodness-of-fit on F2 1.089
Final R indexes [I>=2σ (I)] R1 = 0.0255, wR2 = 0.0683
Final R indexes [all data] R1 = 0.0265, wR2 = 0.0692
Largest diff. peak/hole / e Å-3 1.58/-0.92
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 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for 3.  
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
 
  
Atom x y z U(eq)
Pt01 1329.3(2) 8747.6(2) 5280.5(2) 8.66(7)
S2 604.7(3) 7595.0(8) 4929.2(4) 12.01(15)
Cl1 991.1(3) 9266.4(9) 3820.4(4) 17.25(16)
S1 2056.7(3) 9898.2(7) 5562.9(4) 12.27(15)
Cl2 4788.0(4) 9863.3(16) 8042.6(7) 52.8(3)
N3 811.1(10) 8599(2) 6480.2(17) 10.9(5)
N4 28.8(9) 8446(3) 5556.0(16) 12.3(5)
N1 2421.1(9) 7647(2) 6667.9(15) 11.5(5)
N2 2842.9(9) 8056(3) 6047.9(15) 12.6(5)
C1 1605.2(10) 8291(3) 6492.9(17) 9.9(5)
C7 2785.7(11) 6597(3) 6933.3(19) 14.0(6)
C6 1337.9(11) 8356(3) 6923.2(18) 10.4(5)
C2 2105.0(11) 7879(3) 7010.5(17) 10.3(5)
C11 547.1(11) 9113(3) 6850(2) 13.4(6)
C14 3508.9(11) 9642(3) 6188.2(19) 15.5(6)
C12 65.4(12) 9008(3) 6279(2) 14.3(6)
C9 2458.4(12) 8526(3) 6118(2) 11.8(6)
C13 3049.4(13) 8783(3) 5587(2) 14.4(7)
C8 3044.9(11) 6849(3) 6548.6(19) 15.7(6)
C3 2328.0(11) 7671(3) 7870.8(18) 13.0(6)
C17 -428.0(11) 8317(3) 4746.9(18) 12.0(6)
C5 1551.9(11) 8129(3) 7780.6(18) 13.7(6)
C4 2051.4(11) 7807(3) 8256.9(18) 15.6(6)
C10 486.7(10) 8211(3) 5682.0(17) 10.2(5)
C18 -632.7(11) 6797(3) 4512.9(18) 14.0(6)
C19 -109.7(12) 6856(3) 3662.2(19) 17.3(6)
C16 3392.7(14) 11626(4) 5148(2) 25.0(7)
C15 3732.0(12) 10460(3) 5737(2) 19.5(7)
C20 -369.7(14) 5404(4) 3381(2) 24.8(7)
C21 5000 8765(6) 7500 45.6(18)
Ueq is defined as 1/3 of of the trace of the orthogonalised UIJ tensor.
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 Anisotropic Displacement Parameters (Å2×103) for 3.  
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       




Atom U11 U22 U33 U23 U13 U12
Pt01 7.69(10) 10.85(10) 8.16(10) 0.73(3) 4.53(7) 1.98(3)
S2 9.9(3) 16.5(3) 11.0(3) -3.7(3) 6.2(3) -1.0(3)
Cl1 13.2(4) 29.7(4) 10.8(3) 6.4(3) 7.5(3) 7.4(3)
S1 11.2(3) 11.0(3) 16.2(4) 2.7(3) 8.1(3) 1.2(3)
Cl2 34.0(6) 89.4(9) 33.2(5) 9.5(6) 15.7(5) 4.1(6)
N3 9.5(13) 14.2(12) 9.1(12) -1.7(9) 4.7(11) -0.2(9)
N4 10.4(12) 14.1(11) 12.7(13) -1.6(10) 6.0(11) -0.8(10)
N1 9.6(12) 11.2(11) 13.7(12) 0.1(9) 5.7(10) 0.8(9)
N2 10.3(12) 14.4(12) 13.7(12) -0.4(10) 6.5(10) 0.7(9)
C1 11.0(14) 7.4(12) 10.9(13) -2.0(11) 5.2(11) -1.8(11)
C7 11.4(15) 12.1(13) 16.5(15) 2.8(12) 5.6(13) 4.3(12)
C6 9.4(13) 10.0(12) 10.3(13) -1.7(11) 3.8(11) 0.5(11)
C2 11.5(13) 8.8(12) 12.0(13) -0.1(10) 7.0(11) -0.2(10)
C11 14.4(15) 15.5(13) 14.4(14) -1.5(12) 10.3(13) 0.7(12)
C14 12.8(14) 18.2(14) 13.9(14) 2.0(12) 5.5(12) 0.0(12)
C12 15.5(16) 17.2(13) 13.3(15) 0.1(12) 9.6(13) 1.8(12)
C9 11.4(15) 11.8(12) 12.0(15) -2.7(11) 5.6(12) -1.7(11)
C13 11.3(16) 17.6(17) 17.7(17) -1(1) 9.7(15) -0.4(10)
C8 13.0(14) 13.3(15) 18.8(15) 0.6(12) 6.5(13) 3.6(11)
C3 8.9(14) 14.7(13) 10.6(13) 3.6(11) 1.4(11) 0.4(11)
C17 7.9(13) 15.3(14) 11.7(14) 0.8(12) 4.0(12) 0.0(12)
C5 16.0(14) 13.7(14) 13.8(14) 1.1(11) 9.3(12) -0.4(11)
C4 16.7(15) 18.2(14) 10.6(14) 1.6(11) 5.9(12) -0.2(12)
C10 10.9(13) 8.5(13) 10.6(13) 0.2(11) 5.1(11) -0.3(11)
C18 13.8(15) 13.2(14) 15.2(14) -0.7(12) 7.4(12) -0.7(12)
C19 16.1(15) 16.6(15) 18.1(15) -0.7(12) 8.0(13) -3.3(12)
C16 27.0(19) 25.9(16) 29.2(19) 8.9(15) 19.5(17) 6.6(16)
C15 18.3(16) 18.9(15) 27.2(17) 4.2(13) 15.8(15) -1.0(13)
C20 30.4(19) 21.9(17) 19.2(17) -3.7(13) 10.3(15) -7.7(15)
C21 28(4) 43(4) 55(5) 0 12(3) 0
The Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…].
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 Bond Lengths for 3. 
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
 
  
AtomAtom Length/Å Atom Atom Length/Å
Pt01 S2 2.2878(9) N2 C13 1.469(4)
Pt01 Cl1 2.4032(10) N2 C8 1.387(4)
Pt01 S1 2.3256(9) C1 C6 1.417(4)
Pt01 C1 2.002(3) C1 C2 1.416(4)
S2 C10 1.710(3) C7 C8 1.343(4)
S1 C9 1.721(3) C6 C5 1.393(4)
Cl2 C21 1.778(3) C2 C3 1.393(4)
N3 C6 1.444(4) C11 C12 1.341(5)
N3 C11 1.397(4) C14 C13 1.528(4)
N3 C10 1.354(4) C14 C15 1.533(4)
N4 C12 1.386(4) C3 C4 1.378(4)
N4 C17 1.465(4) C17 C18 1.521(4)
N4 C10 1.350(4) C5 C4 1.388(4)
N1 C7 1.390(4) C18 C19 1.532(4)
N1 C2 1.436(4) C19 C20 1.525(4)
N1 C9 1.355(4) C16 C15 1.524(5)
N2 C9 1.347(4) C21 Cl21 1.778(3)
11-X,+Y,3/2-Z
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 Bond Angles for 3. 
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
          
              
 
  
Atom AtomAtom Angle/˚ Atom Atom AtomAngle/˚
S2 Pt01 Cl1 87.79(3) C5 C6 N3 115.3(3)
S2 Pt01 S1 176.85(2) C5 C6 C1 123.5(3)
S1 Pt01 Cl1 89.32(3) C1 C2 N1 121.0(2)
C1 Pt01 S2 91.51(8) C3 C2 N1 115.0(3)
C1 Pt01 Cl1 179.21(9) C3 C2 C1 123.9(3)
C1 Pt01 S1 91.37(8) C12 C11 N3 107.3(3)
C10 S2 Pt01 101.66(10) C13 C14 C15 112.5(3)
C9 S1 Pt01 97.66(11) C11 C12 N4 107.6(3)
C11 N3 C6 124.4(3) N1 C9 S1 125.5(2)
C10 N3 C6 126.4(3) N2 C9 S1 127.1(2)
C10 N3 C11 108.8(3) N2 C9 N1 107.2(3)
C12 N4 C17 125.5(3) N2 C13 C14 110.2(3)
C10 N4 C12 109.2(3) C7 C8 N2 107.5(3)
C10 N4 C17 124.7(2) C4 C3 C2 119.7(3)
C7 N1 C2 125.1(2) N4 C17 C18 114.9(2)
C9 N1 C7 108.8(2) C4 C5 C6 119.9(3)
C9 N1 C2 125.5(2) C3 C4 C5 119.5(3)
C9 N2 C13 125.6(3) N3 C10 S2 128.8(2)
C9 N2 C8 109.1(2) N4 C10 S2 124.0(2)
C8 N2 C13 125.0(3) N4 C10 N3 107.1(2)
C6 C1 Pt01 125.2(2) C17 C18 C19 108.2(2)
C2 C1 Pt01 121.5(2) C20 C19 C18 113.3(3)
C2 C1 C6 113.3(3) C16 C15 C14 113.3(3)
C8 C7 N1 107.4(3) Cl2 C21 Cl21 110.0(3)
C1 C6 N3 121.1(3)
11-X,+Y,3/2-Z
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 Torsion Angles for 3. 
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
 
  
A B C D Angle/˚ A B C D Angle/˚
Pt01S2 C10N3 -31.1(3) C2 C3 C4 C5 0.9(4)
Pt01S2 C10N4 146.5(2) C11N3 C6 C1 -159.3(3)
Pt01S1 C9 N1 -38.6(3) C11N3 C6 C5 23.5(4)
Pt01S1 C9 N2 136.2(3) C11N3 C10S2 176.6(2)
Pt01C1 C6 N3 7.7(4) C11N3 C10N4 -1.2(3)
Pt01C1 C6 C5 -175.3(2) C12N4 C17C18 -105.6(3)
Pt01C1 C2 N1 -5.7(4) C12N4 C10S2 -177.1(2)
Pt01C1 C2 C3 174.2(2) C12N4 C10N3 0.9(3)
N3 C6 C5 C4 176.5(3) C9 N1 C7 C8 0.5(3)
N3 C11 C12N4 -0.5(3) C9 N1 C2 C1 45.8(4)
N4 C17 C18C19 179.3(2) C9 N1 C2 C3 -134.1(3)
N1 C7 C8 N2 0.2(3) C9 N2 C13C14 99.0(3)
N1 C2 C3 C4 -177.3(3) C9 N2 C8 C7 -0.8(3)
C1 C6 C5 C4 -0.7(5) C13N2 C9 S1 11.4(4)
C1 C2 C3 C4 2.8(4) C13N2 C9 N1 -173.0(3)
C7 N1 C2 C1 -143.6(3) C13N2 C8 C7 173.4(3)
C7 N1 C2 C3 36.5(4) C13C14 C15C16 64.6(4)
C7 N1 C9 S1 174.7(2) C8 N2 C9 S1 -174.5(2)
C7 N1 C9 N2 -1.0(3) C8 N2 C9 N1 1.1(3)
C6 N3 C11C12 -171.5(3) C8 N2 C13C14 -74.2(3)
C6 N3 C10S2 -11.0(4) C17N4 C12C11 -172.2(3)
C6 N3 C10N4 171.1(3) C17N4 C10S2 -5.1(4)
C6 C1 C2 N1 175.1(3) C17N4 C10N3 172.9(3)
C6 C1 C2 C3 -5.1(4) C17C18 C19C20 -176.4(3)
C6 C5 C4 C3 -2.0(4) C10N3 C6 C1 29.5(4)
C2 N1 C7 C8 -171.5(3) C10N3 C6 C5 -147.7(3)
C2 N1 C9 S1 -13.4(4) C10N3 C11C12 1.1(3)
C2 N1 C9 N2 170.9(3) C10N4 C12C11 -0.3(4)
C2 C1 C6 N3 -173.0(3) C10N4 C17C18 83.7(4)
C2 C1 C6 C5 4.0(4) C15C14 C13N2 -178.4(2)
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 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for 3. 
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
 
 Atomic Occupancy for 3. 
          
            
Atom x y z U(eq)
H7 2840 5856 7308 17
H11 681 9463 7393 16
H14A 3755 8989 6593 19
H14B 3423 10323 6491 19
H12 -197 9266 6354 17
H13A 2804 9426 5173 17
H13B 3135 8074 5296 17
H8 3311 6313 6607 19
H3 2662 7442 8183 16
H17A -367 8681 4315 14
H17B -678 8926 4754 14
H5 1360 8193 8033 16
H4 2198 7683 8832 19
H18A -700 6414 4933 17
H18B -394 6175 4482 17
H19A -1334 7543 3692 21
H19B -1033 7200 3246 21
H16A 3107 11186 4691 37
H16B 3566 12173 4937 37
H16C 3291 12252 5447 37
H15A 4040 10899 6151 23
H15B 3807 9779 5419 23
H20A -1164 4744 3296 37
H20B -1677 5523 2868 37
H20C -1432 5032 3804 37
H21A 4733 8153 7106 55
H21B 5267 8153 7894 55
Atom Occupancy Atom Occupancy Atom Occupancy







































Figure B.2 ESI-TOF MS of [M-Cl]+ experimental (top) vs. theoretical (bottom) for 
complex 3.
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